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Table 2.1. Canadian Fire Behaviour Prediction (FBP) System Fuel Types 
Fuel Code Fuel Description 
C1 Spruce – Lichen Woodland 
C2 Boreal Spruce 
C3 Mature Jack or Lodgepole Pine 
C4 Immature Jack or Lodgepole Pine 
C5 Red and White Pine 
C6 Conifer Plantation 
C7 Ponderosa Pine – Douglas-Fir 
D1 Leafless Aspen 
S1 Jack or Lodgepole Pine Slash 
S2 White Spruce – Balsam Slash 
S3 Coastal Cedar – Hemlock – Douglas-Fir Slash 
O1 Grass 
M1 Boreal Mixedwood – Leafless 
M2 Boreal Mixedwood – Green 
M3 Dead Balsam Fir Mixedwood – Leafless 



























































































































































	Figure 3.1: Project study area is the Teslin Tlingit Traditional Territory (TTTT). The Teslin 
Strategic Forest Management Plan (SFMP) focuses on the portion of the TTTT that is contained 
in Yukon and does not share overlap with neighboring First Nations, and identifies 15 landscape 
units, which are categorized by the level of community acceptance to forest activity: low, medium, 
or high. Note the Big Salmon landscape unit was identified as having no merchantable timber by 




















































	Figure 3.2: Study area fire history (CNFDB polygons > 10 ha for 1946 – 2015) classified by 
decade and superimposed over the Homogenous Fire Regime (HFR) zones developed by 
Boulanger et al. (2012). The TTTT, which fals primarily within the Pacific HFR, shows a relative 














































































































































































































	Figure 4.1: Representation of the Burn-P3 modeling processes for a single iteration, which 
consists of mapped inputs and modules that atempt to accurately reflect the natural fire regime. 
Bpi is the burn probability of a pixel, bi s the number of times a pixel burns, and N is the total 























































































	Figure 4.2: Prominent fuel types in the TTTT based on summer 2015 fieldwork. Refer to Section 
2.4.2 for additional background on the FBP System. 
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 Figure 4.3: Composite FBP System fuel grid used in Burn-P3 modeling. Based on field-sampling 
interpretation, vegetation inventory data available for SFMP LUs was used to construct a portion 
of the grid, the extent of which is displayed by dashed red line. The remainder of the grid consists 
of the CFS National FBP System fuel-type interpretation. The diferences between the two FBP 
System fuel-type datasets composing this grid is clearly observable, and the research team noted 
that the CFS National FBP System fuel grid underestimates the amount of C2 (boreal spruce) in 
















	Figure 4.4: Elevation grid used in Burn-P3 modeling. The TTTT is moderately mountainous, 
prompting the necessity for an elevation grid to accurately model fire spread under the FBP 
System. The image on the right was taken during field-sampling from a radio tower viewpoint 
accessible by vehicle slightly north of the Vilage of Teslin. Direction is looking southeast, with 
Tle’nax T’Awei (Lone Sheep Mountain; Mt. Keish, BC; elevation: 1969 m) serving as a prominent 


































































	Figure 4.5: Ignition grids for a) human-caused and b) lightning-caused fires used in Burn-P3 
modeling. These grids represent the relative probability of ignition of fires > 3 ha. The greater the 
pixel value on the 0 – 1 scale, the greater the probability that the pixel wil support a fire ignition. 
These grids were created using a logistic regression analysis linking historic ignitions > 3 ha 
(1946 – 2015; shown by black dots) with enduring environmental variables (elevation, 
topographic position index, radiation, distance to roads, and road density). These grids are 
independent of each other, with the ‘distribution of ignitions by cause, season, and fire zone’ 




























	Figure 4.6: ‘Number of ignitions per iteration’ prediction for TTTT (based on fire data from 1946-
2015). Bar Graph is original data for wildfires greater than 10 ha and line represents logistic 




























Table 4.1. ‘Distribution of ignitions by cause, season, and fire zone’ for the TTTT based on 
historic ignitions (1946 – 2015) greater than 10 ha, and assuming a May 31st/June 1st division 
between spring and summer seasons. 
Season Cause Ignition (%) 
Spring Human 5.07 
 Lightning 2.76 
Summer Human 27.19 


































































 Figure 4.7: Comparison of fire weather list parameters for the 8 scenarios representing the 
distributions of input weather data used for modeling in Burn-P3. Note that the windrose plot 
indicates direction the wind blows from during fire-conducive weather periods. Also note that 
precipitation is ploted based on the 95% confidence interval for the mean rather than a boxplot, 












































	Figure 4.8: ‘Spread-event days’ input created from MODIS fire progression data. Bar graph is the 
original progression data for fires with a ROS ≥ 3.0, which was logisticaly smoothed (grey line) 
and subsequently refined through calibration (black dashed line). The number of days of fire 
spread for each modeled fire is drawn from the calibrated distribution, the values of which are 
























































	Figure 4.9: Burn probability scenarios for the Teslin Tlingit Traditional Territory. The observed 
scenario is actual weather data (1986-2015), and included here for comparison. Baseline is 
simulated current weather (1980-2010), on which future predictions are based. There are six 
future scenarios (3 GCMs x 2 time periods). 
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Table 4.2. Scenario summary statistics comparing modeled fire sizes to historic fire sizes (ha). 
Summary 













Min 11 10 10 10 10 10 10 10 10 
1st Qu. 82 79 61 57 63 72 66 65 79 
Median 337 326 250 229 264 317 278 273 370 
Mean 4074.64 3024.94 2473.71 2263.79 2699.73 3431 2821.56 2781.8 4144.59 
3rd Qu. 1647 1811 1386 1285 1504 1894 1572 1548 2269 


















 Figure 4.10: Observed weather period (1986-2015) burn probability estimate, along with boxplot 




















 Figure 4.11: Baseline weather (simulated 1980 – 2010) burn probability estimate, along with 














 Figure 4.12: 2050s CGCM burn probability estimate, along with boxplot (lower left) and density 
























	Figure 4.13: 2050s Hadley burn probability estimate, along with boxplot (lower left) and density 

















	Figure 4.14: 2050s IPSL burn probability estimate, with boxplot (lower left) and density plot (lower 


















 Figure 4.15: 2080s CGCM burn probability estimate, along with boxplot (lower left) and density 




















 Figure 4.16: 2080s Hadley burn probability estimate, along with boxplot (lower left) and density 















 Figure 4.17: 2080s IPSL burn probability estimate, along with boxplot (lower left) and density plot 






















	Figure 4.18: Sensitivity Analysis: A) Baseline is reproduced here and is identical to baseline burn 
probability depicted in Figure 4.9 and Figure 4.11, B) Canfuels is an older Canada wide dataset, 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A.1. Assessment of polygon vegetation accuracy based on stratum field 
Date 
Number of correctly 
summarized polygons (based 
on stratum field) 
Total number of polygons with 
plots 
July 28, 2015 3 5 
July 29, 2015 2 2 
July 30, 2015 5 6 
July 31, 2015 4 5 
Aug. 1, 2015 5 5 
Aug. 3, 2015 2 2 
Aug. 4, 2015 2 3 
Aug. 5, 2015 9 9 
Aug. 6, 2015 3 3 
Aug. 7, 2015 5 7 
Aug. 10, 2015 2 3 
Aug. 11, 2015 2 2 
Aug. 12, 2015 3 3 
Aug. 13, 2015 3 3 
Aug. 14, 2015 3 3 
Total 53 61 

























































































































































































# read in the database of human caused ignitions, pseudo ignition 
absences,  
and the associated independent variables. 
 
human <- read.csv("C:/Burn-P3/August_2016/Ignition 
Grids/human_database.csv") 
 
# the first step is to look at correlation between independent 
variables 
cor(human[2:6]) 
               elev          rad          tpi     roaddist     roaddens 
elev      1.0000000  0.267651195  0.316011704  0.239507339 -0.295273396 
rad       0.2676512  1.000000000 -0.009277176  0.179828715 -0.114332166 
tpi       0.3160117 -0.009277176  1.000000000 -0.003361955  0.000366278 
roaddist  0.2395073  0.179828715 -0.003361955  1.000000000 -0.351793600 












for (j in 2:6){ 
 indvar <- human[,j] # need to make vectors to integrate to GAM 
 store <- gam(ign ~ s(indvar), family=binomial, data=human) 
 plot(store, main=colnames(human)[j]) 

















Approximate significance of smooth terms: 
              edf Ref.df Chi.sq  p-value     
s(elev)     1.000  1.000 21.148 4.25e-06 *** 
s(rad)      1.000  1.000  0.110   0.7399     
s(tpi)      1.000  1.000  0.238   0.6255     
s(roaddist) 1.000  1.000 20.104 7.34e-06 *** 

















                Estimate Std. Error z value Pr(>|z|)     
(Intercept)    1.978e+00  6.513e-01   3.037  0.00239 **  
elev          -2.855e-03  5.972e-04  -4.780 1.75e-06 *** 
roaddist      -3.152e-05  2.693e-05  -1.171  0.24180     
I(roaddist^2) -9.060e-11  4.126e-10  -0.220  0.82622     
roaddens       5.013e+03  2.394e+03   2.094  0.03623 *   
I(roaddens^2) -2.400e+06  1.959e+06  -1.225  0.22046     
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# Next step is to build the ignition grids, first reference the raster 




elev <- raster("C:/Burn-P3/August_2016/Ignition Grids/elev.asc") 
roaddens <- raster("C:/Burn-P3/August_2016/Ignition Grids/dens_rd.asc") 
roaddist <- raster("C:/Burn-P3/August_2016/Ignition Grids/dist_rd.asc") 
rad <- raster("C:/Burn-P3/August_2016/Ignition Grids/radiation.asc") 
tpi <- raster("C:/Burn-P3/August_2016/Ignition Grids/tpi.asc") 
 
# Stack the rasters 
 
raster.list <- list(elev=elev,rad=rad,tpi=tpi,roaddist=roaddist, 
roaddens=roaddens) 
the.stack <- stack(raster.list) 
 
# Specify output file. 
 




   
# Next Scale the grids from 0 to 1 for easier display, and create final 
raster output. 
 
scaled_ign_grid_human <- (ign_grid_human + 
abs(cellStats(ign_grid_human,stat='min'))) / (cellStats(ign_grid_human, 













# read in the database of lightning caused ignitions, pseudo ignition 
absences, and the associated independent variables  
 








              elev         rad          tpi    roaddist     roaddens 
elev      1.00000000  0.23654268  0.333824165  0.07332232 -0.215771492 
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rad       0.23654268  1.00000000 -0.023013035  0.13624349 -0.087124762 
tpi       0.33382417 -0.02301303  1.000000000 -0.05307161  0.009257057 
roaddist  0.07332232  0.13624349 -0.053071607  1.00000000 -0.331368514 







for (j in 2:6){ 
  indvar <- lightning[,j] # need to make vectors to integrate to GAM 
  store <- gam(ign ~ s(indvar), family=binomial, data=lightning) 
  plot(store, main=colnames(lightning)[j]) 















Approximate significance of smooth terms: 
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              edf Ref.df Chi.sq p-value     
s(elev)     6.576  7.722 34.704 2.7e-05 *** 
s(rad)      1.000  1.000  1.940  0.1637     
s(tpi)      1.876  2.447  6.208  0.0698 .   
s(roaddist) 1.000  1.000  1.028  0.3107     












              Estimate Std. Error z value Pr(>|z|)    
(Intercept) -3.409e+00  1.740e+00  -1.959   0.0501 .  
elev         7.138e-03  3.269e-03   2.183   0.0290 *  
I(elev^2)   -4.167e-06  1.504e-06  -2.771   0.0056 ** 
tpi          4.307e-03  1.759e-03   2.449   0.0143 *  





elev <- raster("C:/Burn-P3/August_2016/Ignition Grids/elev.asc") 
roaddens <- raster("C:/Burn-P3/August_2016/Ignition Grids/dens_rd.asc") 
roaddist <- raster("C:/Burn-P3/August_2016/Ignition Grids/dist_rd.asc") 
rad <- raster("C:/Burn-P3/August_2016/Ignition Grids/radiation.asc") 
tpi <- raster("C:/Burn-P3/August_2016/Ignition Grids/tpi.asc") 
 
raster.list <- list(elev=elev,rad=rad,tpi=tpi,roaddist=roaddist, 
roaddens=roaddens) 
 
the.stack <- stack(raster.list) 
 






scaled_ign_grid_lightning <- (ign_grid_lightning + 
abs(cellStats(ign_grid_lightning,stat='min'))) / 




















































	Figure C.1: Calibration atempt 1, using the observed weather period (1986-2015), a minimum fire 





	Figure C.2: Calibration atempt 2, using the observed weather period (1986-2015), a minimum fire 




	Figure C.3: Calibration atempt 3, using baseline weather period (simulated; 1981-2010), a 




	Figure C.4: Calibration atempt 4, using smaler minimum fire size of 100 ha, and maintaining 





	Figure C.5: Calibration atempt 5, using smaler minimum fire size of 50 ha, and maintaining 




 Figure C.6: Calibration atempt 6, using smaler minimum fire size of 10 ha, and maintaining 




	Figure C.7: Calibration atempt 7, using smaler minimum fire size of 3 ha, and maintaining 




	Figure C.8: Calibration atempt 8, using a 10-ha minimum fire size. The spread-event days 
distribution was modified, so although a maximum of 17 days is maintained, the distribution was 
slightly weighted to increase the probability of larger fires, and decrease the probability of smal 
fires. Remaining unchanged are the use of the baseline weather period (simulated; 1981-2010), 




	Figure C.9: Calibration atempt 9, which uses the same inputs as calibration atempt 8, but utilizes 
10,000 iterations rather than 5000 iterations. Includes an assessment of indirect absolute 





	Figure C.10: Calibration atempt 10, which uses the same inputs as calibration atempt 9, but 





	Figure C.11: Calibration atempt 11, which increased iterations to 20000. Indirect absolute 
diference and mean burn probability converge on stability. 
